Background: Patients with dementia who accidentally swallowed a pressthrough package (PTP) have been increased in recent years. Swallowed PTP is usually detected with CT having a risk of radiation exposure since PTP is very difficult to detect with abdominal X-ray image. Purpose: This study is aimed at developing the new PTP sheet recognizable with abdominal X-ray by improving the conventional PTP sheet. (No. 6, No. 7, No. 8) because it is easier to produce. We will develop oral PTP sheets for patients with dementia for abdominal X-ray in the future.
Introduction
Patients with dementia who accidentally swallowed a press-through package (PTP) have been increased in recent years. Swallowed PTP is usually detected with CT having a risk of radiation since PTP is very difficult to detect with abdominal X-ray image. PTP consists of lids coated with a heat-sealed material on an aluminum leaf and a dome of vinylchloride. These materials are widely used in Japan to enclose drugs due to their features of cleanliness, hermetic sealing, easy handling, toughness, and low cost. A risk of accidental swallow of PTP in the elderly individuals and the subjects with mental or visual disturbances is a serious issue for emergency physicians. Swallowed PTP with sharp corners may cause gastrointestinal bleeding, mediastinitis, intestinal perforation, and obstructive ileus, although such severe complications are extremely rare [1] [2] [3] .
Endoscopic removal should be carried out if PTP exists in the esophagus or stomach. Early laparotomy should be considered if PTP passes through the pyloric ring and symptoms are observed [4] . Therefore, it is very important to make an early and correct diagnosis of the location of the PTP. PTP material is difficult to detect directly by plain radiography due to its high radiolucency, while there are increasing reports that the location of a PTP can be detected by multidetector computed tomography (MDCT) [4] [5] [6] [7] [8] . Therefore, we considered to make PTP sheet which can be recognized by plain X-ray examination with less exposure because CT examination receives much exposure.
Purpose
When we diagnose accidentally swallowing of patient's PTPs, we always use CT to diagnose that PTPs are in the stomach or intestinal tract. In these cases, CT scans give patients about 10 times more exposure than plain abdominal X-ray radiography.
Co-authors Sadamoto K, Murata M, Kubota K are specialists in pharmacy. experts and radiology experts together. As far as we search, there is no paper on the development of PTP sheets that can be recognized with Plain X-ray radiography.
The degree of X-ray detection is considered to be proportional to the fourth power of atomic number. From this, it turned out that barium and tungsten are the ones that can be painted as ink on the aluminum sheet of PTP.
This study is aimed at developing the new PTP sheet recognizable with plainabdominal X-ray by improving the conventional PTP sheet.
Materials and Methods

Investigation of X-Ray Blocking Substances
Compounds containing lead, barium, barium sulfate, titanium, iodine compounds, tin, lead, tungsten, bismuth, bismuth nitrite are considered as X-ray blocking substances. Barium sulfate, tungsten carbide, tin oxide, and bismuth oxide of a simple substance or compound having an atomic number of 47 or more are considered as candidates. X-ray detection sensitivity is proportional to the fourth power of atomic number. Candidates for X-ray blocking substances include iodine, barium, and tungsten. Bismuth is toxic and excluded. Iodine was excluded this time because atom number is smaller than barium. Barium and tungsten were finally selected as X-ray blocking substances. The ink containing blocking material (barium sulfate or tungsten trioxide) was coated on the cover material (aluminum foil) of PTP sheet in the form of gravure print.
Method of Overcoating with a Coater
Possibility of industrialization (commercialization) by gravure ink 
Measurement Method of Contrast of PTP Sheets
Statistical Analysis
Differences in Contrast between the commercial PTP and our prototype PTPs were compared using an unpaired t-test. The P-value was assessed. All statistical analyses were performed with Excel Statistics 2010 for Windows version 1.13. 
Results
PTP of
Discussion
MDCT was performed using a 64-detector-row system (CT LightSpeed VCT;
GEHealthcare, Milwaukee, USA). Imaging and reconstructionparameters for the 
